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1. In-building water fixture survey 
A water fixture survey was conducted on the University of Hawaii Manoa (UHM) campus in which the 
number of toilets, urinals, faucets, and showerheads in each building were counted.  The total number 
of fixtures and the number of retrofittable fixture units were documented in the prioritization report of 
surveyed water fixtures prepared by Honeywell DMC Services, LLC in 2004.  Part of the survey work was 
conducted by students enrolled in CEE 330 Environmental Engineering under Dr. Roger Babcock and 
other major portions were done by several students from that class hired to work over the summer for 
Honeywell.  The report was prepared as a result of the Memorandum of Understanding (MOU) signed 
between Honolulu Board of Water Supply (BWS) under the UH Manoa Water Conservation Partnership.  
The most important results of the study were used to produce Tables TM2-1 through TM2-7.  According 
to the prioritization report, only 4,830 water fixtures out of the 7,632 surveyed can technically and 
economically be retrofitted.  The 4,830 retrofittable fixtures include 2,149 toilets, 265 urinals, 1,614 
faucets, and 802 showerheads.  Toilets and showerheads appear to constitute the greatest retrofit 
opportunity.  Many of the urinals on the UHM campus were previously retrofitted with low-flow flush 
systems.  A majority of the faucets on campus would require a relatively expensive entire system 
replacement leading to an un-economical, excessive payback period. 
Table TM2- 1: In-building water fixtures 
Fixture Type 
Total fixtures 
surveyed  Retrofit No Retrofit % Retrofittable 
Toilets 2,783  2,149 634 77% 
Urinals 696  265 431 38% 
Faucets 3,077  1,614 1,463 52% 
Showerheads 1,076  802 274 75% 
Total 7,632  4,830 2,802 63% 
 
The campus was divided into four different facility types: Athletic, Food Service, Housing, and 
Class/Office.  Fixture usage patterns differ greatly between facility types.  Therefore, the campus was 
categorized to accurately estimate the amount of water saved along with the amount of money saved.  
Table TM2-2 shows the fixture counts relative to facility type.  
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Table TM2- 2: Water fixture numbers and categories (by facility type) 
 Building category 
Total fixtures 
surveyed  Toilets Urinals Faucets 
Shower 
heads 
Total retrofittable 
fixtures 
Athletic 2,783  143 32 187 55 417 
Food Svc/Multi 696  46 3 30 2 81 
Housing 3,077  764 9 949 714 2,436 
Class/Office 1,076  1,196 221 448 31 1,896 
Total 7,632  2,149 265 1,614 802 4,830 
 
2. Retrofittable fixture counts and water conservation analysis 
 
Table TM2-3 shows the annual water savings potential for retrofittable fixtures by facility type. The 
annual cost savings were calculated using the Honolulu Board of Water Supply (BWS) water costs and 
Department of Environmental  Services (ENV) wastewater sewer charges.  According to the current 
Honolulu Board of Water Supply rate schedule, the cost of water will be $4.96 per 1000 gallons by the 
year 2015.  The wastewater sewer charges are $9.96 per 1000 gallons.  Therefore, a combined cost of 
$14.92 per 1000 gallons was used to calculate the annual cost savings.  Formulas provided in the 
Honeywell prioritization report were used to calculate the annual savings of water by fixture/facility type 
(see Appendix A). Retrofitting all of the 4830 retrofittable fixtures on the campus, would save UHM 
approximately 33.5 million gallons per year and reduce utility costs by over $500,000.    
 
Table TM2- 3: Annual Water Savings by Facility/Fixture Type 
Fixtures 
Athletic Food Svc/Multi Housing Class / Office Total 
annual 
savings 
(gallons) 
Fixture 
units 
Annual 
savings 
(gal) 
Fixture 
units 
Annual 
savings 
(gal) 
Fixture 
units 
Annual 
savings 
(gal) 
Fixture 
units 
Annual 
savings 
(gal) 
Toilets 143 649,077 46 577,254 764 6,831,230 1,196 5,428,644 13,486,205 
Urinals 32 341,760 3 32,040 9 96,120 221 2,360,280 2,830,200 
Faucets 187 1,872,338 30 300,375 949 2,847,996 458 4,585,725 9,606,434 
Showerheads 55 561,701 2 20,426 714 6,745,694 31 316,595 7,644,416 
Total 417 3,424,876 81 930,095 2,436 16,521,040 1,906 12,691,244 33,567,254 
Cost saved per year 
        
$500,823 
 
Tables TM2-4 through TM2-7 display the annual and lifetime cost savings of each fixture for each facility 
type. The expected life cycle of each fixture was estimated from a range reported in the Handbook of 
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Water Use and Conservation (Vickers, 2001).  To be conservative, the lower range of the life cycle was 
used for these calculations.  The unit costs include a fixture price and labor costs for installation.  Costs 
are estimated averages of typical prices from multiple sources.  A detailed breakdown of the unit costs 
can be seen in Appendix B.  The total capital expenses were calculated by multiplying the number of 
retrofit fixtures by the unit costs.  The cost savings were then calculated using the total gallons of water 
saved per year (Table TM2-3) multiplyed by the charges for water plus wastewater ($14.92 per 1000 
gallons).  The lifetime savings was determined by multiplying the annual cost savings and the useful life 
of each fixture.  Finally, the payback periods were calculated by dividing the total capital expenses by 
the cost savings per year.   
 
Table TM2- 4: Athletic Facility Yearly and Lifetime Savings 
     
Athletic 
Fixture Unit 
Useful life, 
years 
Total 
fixtures 
Retrofittable  
Fixtures 
Unit 
cost 
Retrofit 
Fixture 
number 
Total Capital 
expense 
Cost Savings 
($) per year 
Life time 
savings 
Toilet 30 2,783 2,149 $310 143 $44,330 $9,684 $290,527 
Urinal 10 696 265 $435 32 $13,920 $5,099 $50,991 
Faucet 5 3,077 1,624 $110 187 $20,570 $27,935 $139,676 
Shower Head 10 1,076 802 $80 55 $4,400 $8,381 $83,806 
TOTAL 
 
7,632 4,840 
 
417 $83,220 $51,099 $565,000 
      
Payback Period (yr)= 1.63 
 
 
Table TM2- 5: Food Service Facility Yearly and Lifetime Savings 
     
Food Service 
Fixture Unit 
Useful 
life, 
years 
Total 
fixtures 
Retrofittable  
Fixtures 
Unit 
cost 
Retrofit 
Fixture 
number 
Total 
Capital 
expense 
Cost 
Savings ($) 
per year 
Life time 
savings 
Toilet 30 2,783 2,149 $310 46 $14,260 $8,613 $258,379 
Urinal 10 696 265 $435 3 $1,305 $478 $4,780 
Faucet 5 3,077 1,624 $110 30 $3,300 $4,482 $22,408 
Shower Head 10 1,076 802 $80 2 $160 $305 $3,047 
TOTAL 
 
7,632 4,840 
 
81 
 
$13,877 $288,615 
      
Payback Period (yr)= 1.37 
 
 
6 
 
 
 
 
Table TM2- 6: Housing Facility Yearly and Lifetime Savings 
     
Housing 
Fixture Unit 
Useful 
life, 
years 
Total 
fixtures 
Retrofittable  
Fixtures 
Unit 
cost 
Retrofit 
Fixture 
number 
Total 
Capital 
expense 
Cost Savings 
($) per year 
Life time 
savings 
Toilet 30 2,783 2,149 $310 764 $236,840 $101,922 $3,057,658 
Urinal 10 696 265 $435 9 $3,915 $1,434 $14,341 
Faucet 5 3,077 1,624 $110 949 $104,390 $42,492 $212,461 
Shower Head 10 1,076 802 $80 714 $57,120 $100,646 $1,006,457 
TOTAL 
 
7,632 4,840 
 
2436 $402,265 $246,494 $4,290,917 
      
Payback Period (yr)= 1.63 
Table TM2- 7: Class/Office Facility Yearly and Lifetime Savings 
     
Class / Office 
Fixture Unit 
Useful 
life, 
years 
Total 
fixtures 
Retrofittable  
Fixtures 
Unit 
cost 
Retrofit 
Fixture 
number 
Total Capital 
expense 
Cost Savings 
($) per year 
Life time 
savings 
Toilet 30 2,783 2,149 $310 1196 $370,760 $80,995 $2,429,861 
Urinal 10 696 265 $435 221 $96,135 $35,215 $352,154 
Faucet 5 3,077 1,624 $110 448 $49,280 $68,419 $342,095 
Shower Head 10 1,076 802 $80 31 $2,480 $4,724 $47,236 
TOTAL 
 
7,632 4,840 
 
1896 $518,655 $189,353 $3,171,346 
      
Payback Period (yr)= 2.74 
 
The individual payback period for each facility type varies substantially from 1.37 years for Food Service 
facilities, to 1.63 years for Housing and Athletic facilities, to 2.74 years for Class/Office facilities. The 
estimated cost to retrofit all retrofittable fixtures on the campus is estimated at $1,024,265 and the 
annual savings from the new fixtures is $500,823 which gives a payback period of approximately 2.5 
years (when a 20% retrofit cost contingency is added).  A detailed listing of cost savings by building can 
be found in Appendix C.   
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Table TM2- 8: Payback Periods by Facility Type 
Facility Type Payback Period (yr) 
Athletic 1.63 
Food Service 1.37 
Housing 1.63 
Class/Office 2.74 
OVERALL 2.5 
 
2.1 Retrofittable fixture conservation potential 
Based on the data gathered, the classrooms, offices, athletic complexes, and food services/dining are 
operated approximately 267 days in one year while the housing facilities are operated only for 247 days 
in a year. The water conservation potential varies for a fixture depending upon the type of facility.  For 
example, the water savings potential for a toilet in a housing facility is expected to be approximately 
36.2 gallons per day (gpd) whereas non-residential toilets will conserve only 17 gpd. The number of days 
the fixture is in use and the expected water conservation are given in Table TM2-9 (adapted from the 
prioritization report by Honeywell, 2004).    
Table TM2- 9: Expected fixture use and water conservation potential 
Fixtures 
Water saving by category (gpd) 
Athletic  Food Svc/Multi  Housing  Class/Office  
Toilets 17 47 36.2 17 
Urinals 40 40 40 40 
Days of use in one year 267 267 247 267 
 
The total water savings per day is based on the difference between the existing flow and the flow after 
installing high efficiency water fixtures. The expected number of fixture uses per day and expected 
savings for all fixtures (excluding urinals) are adapted from the Honeywell report. Ultra low flow urinals 
commonly available now the use only 0.125 gallon (1/8th gallon) per flush are proposed instead of the 1 
gpf type urinals proposed in the Honeywell report.  The ultra low flow urinals will increase the urinal 
savings from about 15 gallons to about 40 gallons per urinal per day. 
 
8 
 
2.2. Water fixture alternatives studied 
While making water saving calculations, peak hour (9 am to 5 pm) usage can be reduced by adopting 
water consuming toilets and low flow urinals. 
2.2.1. Low Water Consuming Toilets  
The Energy Policy Act of 1992, which went into effect on January 1, 1994, mandated maximum flow 
rates for toilets, urinals, showerheads, and faucets. The requirement of the Act was that a toilet could 
not consume more than 1.6 gallons of water per flush and ensures that other water fixtures like urinals, 
showerheads, and faucets consuming more than the mandated flow rates are not sold in the market. 
The Uniform Plumbing Code dictates the amount of water a building can use by specifying flow rates of 
plumbing fixtures and prohibits the production and manufacture of wasteful plumbing fixtures. The 
mandated flow rate for plumbing fixtures is no more than 1.6 gallons per flush (gpf) for toilets, 1 gpf for 
urinals, and 2.5 gallons per minute (gpm) for showerheads (Table 604.4, 2002 NC Plumbing Code, p. 36).  
Similarly, 2.2 gpm is mandated for private lavatory and sink faucets. This also ensures the installation of 
Low Flush Toilets (LFT) and other water efficient plumbing fixtures for all new construction, remodeling, 
and replacement projects.  
The WaterSense program (2006) of the EPA came into effect on October 1, 2007 and specifies the 
criteria for high efficiency faucets and faucet accessories.  It is applicable to lavatory faucets in private 
use such as in residences and private restrooms in hotels and hospitals. The faucets and faucet 
accessories must conform to applicable requirements in the U.S. model plumbing codes and standards 
(ASME A112.18.1/CSA B125.1 and NSF/ANSI Standard 61, Section 9).  The code further reduced the 
maximum flow rate of 2.2 gpm to 1.5 gpm (5.7 liters per minute) at a pressure of 60 psi and limits the 
minimum flow rate to 0.8 gpm (3.0 L/min) at a pressure of 20 psi for public (non-residential) 
applications.  The EPA claims that the specification was designed to ensure sustainable and efficient 
water use with a high level of user satisfaction on lavatory faucet and lavatory faucet accessory 
performance. 
After the introduction of the Federal Standards for Plumbing Code came into effect in January 1994, low 
flush toilets became available in the market.  Toilets are classified as pre-1980 model and post-1980 
model according to the flushing water volume (Massachusetts Water Resources Authority). The toilet 
model categories and the flushing water volume per flush are presented in Table TM2-10. 
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Table TM2- 10: Toilet classification based on flush water volume 
S.No. 
Toilet models 
 
Water volume 
 
1 Pre-1980 model 5-7 gallons 
2 Post-1980 (before 1994) 3.5 gallons 
3 Post-1994 1.6 or less 
 
Toilets that consume only 1.3 gallons of water per flush or less also exist. The University of Florida 
classifies any toilet as a High Efficiency Toilet (HET) when the system consumes 20% less water to flush.  
This amounts to about 1.3 gpf (or 4.8 lpf).  Different flushing technologies help reduce the amount of 
water for flushing. Three types of HETs currently exist in the marketplace and are listed in Table TM2-11.  
Table TM2- 11: Types of high efficiency toilet (HET) technologies 
S.No. 
Toilet (technology) type 
 
Certified flush water volume 
 
1 Dual flush 0.8 to 1.1 gpf and 1.6 gpf 
2 Pressure-assist single flush 1.0 gpf 
3 Gravity-fed single flush 1.28 gpf and less 
 
HETs are categorized as dual flush, pressure assisted single flush, and gravity fed single flush. The HET 
category and the name of the companies that manufacture HETs are listed in Table TM2-12 and Table 
TM2-13 below.  
1. Dual Flush (DF): The first category HETs are the Dual Flush and are easily available in the market.  Dual 
Flush HETs, as the name suggests, have two flushing options.  The user can use a smaller flush volume 
for liquid waste (0.8 gpf) and a larger flush volume for solid waste (1.6 gpf).  This can help to conserve 
water when liquid wastes are produced.  A few companies that manufacture Dual Flush HETs are listed 
in Table TM2-12.  
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Table TM2- 12: Producers of Dual Flush HETs 
SNo Manufacturers 
1 Caroma 
2 Duravit 
3 Gerber 
4 Kohler 
5 Mancesa 
6 Mansfield 
7 Pegasus (Home Depot) 
8 Toto 
9 Vitra 
10 Vortens 
11 Western Pottery 
 
2. Pressure Assist Single Flush Toilet: There are many varieties of the pressure assist single flush toilet 
available in the market.  Pressure Assist HETs use a tank mounted inside the toilet that use pressure 
from the water supply line to compress air in the tank.  The air is compressed as the tank fills with water 
and forces the water into the bowl.  The force helps to flush the waste down and clean the bowl at the 
same time while only using 1 gallon of water.  The names of some companies that offer these types of 
HETs in the US markets are presented in Table TM2-13. 
Table TM2- 13: Pressure assist 1.0 gpf single flush HETs producers 
 
SNo Manufactures 
1 Capizzi 
2 Gerber 
3 Mancesa 
4 Mansfield 
5 Peerless pottery 
6 St. Thomas creations 
7 Vortens 
 
3. The Gravity Fed Single Flush Toilet: This is the third category which meets HET criteria of flush volume.  
The Gravity Fed Single Flush toilets operate the same way as a standard toilet would but use less volume 
of water per flush.  These HETs are produced by American Standard in the US market.  
Vacuum toilets/Urinals: Some toilets/urinals make use of air instead of water to transport toilet 
contents. They essentially do not need water for flushing but instead use about 1 liter of water to rinse 
the toilet bowl. About 50 liters of air will be used to transport the fecal matter. They are available in 
both porcelain and stainless steel models. The toilet seat comes with a vacuum valve which controls the 
pressure and the discharge.  A power supply is needed to create a vacuum and a sound is produced 
when the valve is activated.  Flushing while the user is on the toilet can be harmful due the large amount 
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of pressure that is created.  In addition to water conservation and sewage volume reduction, vacuum 
toilets offer the benefits of transporting sewage to sewer mains that run above (at higher elevations) 
the toilet. This system is especially useful where water is scarce and no centralized sewer system exists. 
Toilets in commercial airplanes use this technology.  
There are also vacuum toilets available with the provision of urine separation.  Since very little water is 
needed for flushing, the waste will be very concentrated and small in volume. These waste fractions can 
be used economically to produce electricity (biogas) and fertilizer. However, the cost of electricity and 
the noise nuisance should be considered before installing vacuum toilets.  
2.2.2. Low Water Flow / Ultra Low Flow Urinals 
Urinals installed before 1992 consume large amounts of water for flushing.  Typical urinals available in 
the market presently use 1.0 gallons of water per flush and are considered Low Flow Urinals. There are 
urinals available that consume less than 1 gpf. The urinals that consume less than 0.5 gpf (or 1.9 lpf) are 
considered high efficiency urinals (HEU).  HEUs use only 50 percent of the required flushing volume 
mandated by the Federal Energy Policy Act of 1992 (CUWCC). There are HEU urinals ranging from no 
water consumption (waterless) to 0.35 liter water use per flush. A few companies that manufacture 
HEUs are listed in below (Tables TM2-14 through TM2-17).  
Table TM2- 14: Flushing Urinal Fixtures (0.5-gallons or 1.9 liters per flush) 
SNo Manufacturer Model Name 
1 American Standard Innsbrook (6520) 
2 Caroma Leda (678218) 
3 Kohler Bardon (L-4915) and others 
 
Table TM2- 15: Flushing Urinal Fixture (1 quart or 0.9 liters per flush) 
SNo Manufacturer Model Name 
1 Vitra Evergreen (5321-X-0198 and others 
 
Table TM2- 16: Flushing Urinal Fixtures (1pint or 0.5 liters per flush) 
SNo Manufacturer Model Name 
1 Caroma Cube 3 (678668) 
2 Zurn Ecovantage (Z5798 and others) 
 
Table TM2- 17: Flushing Urinal Fixture (3/4 pint per flush – 0.35 liters per flush) 
SNo Manufacturer Model Name 
1 Mister Miser Mister Miser Residential Urinal 
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All flushing HEUs must meet the same, if not better, waste removal performance requirements as all 
other flushing urinals. Care should be taken when retrofitting the HEUs because degraded pipes, 
insufficient drain line slope, and pre-existing buildup of solids in pipes can hamper performance.  
Waterless urinals are a recent development that do not require any water for flushing and therefore are 
very efficient in conserving water. The cleaning operation of waterless urinals is similar to that of normal 
urinals except the need for replacing cartridges and refilling the sealant periodically.  The three main 
designs of waterless urinals are oil barrier, mechanical designs, and microbial blocks. 
1. Oil barrier (either refillable or replaceable cartridge): These urinals employ a liquid lighter than 
water, known as a sealant, that floats at the top of the surface of urine and seals it so that no 
odors or gas can be released to the room from the urine in the pipe trap. Most of these 
waterless urinals employ cartridges containing sealant liquid. The sealant liquid can be refilled 
or cartridges can be replaced.  
2. Mechanical designs: Some urinals, instead of using cartridges and sealant, use odor trapping 
mechanisms in the outlet system to prevent odors in the restrooms. These urinals use one-way 
valves that allow urine to pass into the plumbing system, but prevent odors from lingering back 
within the restroom.  
3. Microbial blocks: In this design, water-soluble bacteria-infused blocks (like a large sugar 
cube) are placed in the urinal to avoid odor and scaling of pipes by salt deposits. The blocks 
break down on contact with urine and release odor-masking agents. The bacteria break down 
the components of urine that cause scale and odor. This design needs a small amount of water 
each day to keep the bacteria active.   
 
Online literature research shows several controversies over waterless urinals.  Some groups are 
in strong favor of these urinals due to their water conservation and sustainability benefits.  
However, other groups complain of the strong smell, compromised hygienic conditions due to 
the lack of rinsing the urinals, and clogging of drain pipes with struvite precipitates.  One such 
example is that waterless urinals installed in the headquarters of California EPA in 2003 were 
removed in February 2010 and replaced by low flush urinals due to hundreds of complaints of 
odors and splashed urine on the floors. For this reason, this report recommends ultra low flow 
urinals and these have been incorporated in the calculations above. 
Note: Urine contains ammonia which is aggressive to metals like copper and copper alloys. Copper pipes should be 
replaced with PVC pipes before installing waterless urinals.  
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3. Appendices 
 
Appendix A - Design Savings Calculations  
 
  
TOILETS                       
Athletic and Class/Office                     
     (17 gallons per day) x (Number of retrofit toilets) x (267 operating days per year) = annual savings       
Food Service                       
     (47 gallons per day) x (Number of retrofit toilets) x (267 operating days per year) = annual savings       
Housing                       
     (36.2 gallons per day) x (Number of retrofit toilets) x (247 operating days per year) = annual savings       
URINALS                       
     (40 gallons per day) x (Number of retrofit urinals) x (267 operating days per year) = annual savings       
FAUCETS                       
Athletic, Dining, Class/Office                   
     (1.5 gallons per minute) x (25 minutes per day per faucet) x (Number of retrofit faucets) x (267 operating days per year) = annual savings 
Housing                       
     (1.5 gallons per minute) x (8.1 minutes per day per faucet) x (Number of retrofit faucets) x (247 operating days per year) = annual savings 
SHOWERHEADS                       
Athletic, Dining, Class/Office                   
     (2.25 gallons per minute) x (17 minutes per day per showerhead) x (Number of retrofit showerheads) x (267 operating days) = annual savings 
Housing                       
     (2.25 gallons per minute) x (5.3 minutes per day per showerhead) x (Number of retrofit showerheads) x (267 operating days) = annual 
savings 
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Appendix B – Fixture Unit Costs 
 
Fixture Unit Unit Cost Labor Cost Total Cost    
Toilet $250.00 $60.00 $310.00 Zurn (Z5665.258.00.00) 
Urinal $375.00 $60.00 $435.00 American standard 
Faucet $50.00 $60.00 $110.00   
Shower Head $20.00 $60.00 $80.00   
Labor costs include dismantling old and installing new water fixture 
 
Zurn EcoVantage Toilet, 1.28 gpf 
 
American standard, Washbrook FloWise, 0.125 gpf 
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Appendix C – Cost Savings by Building 
 
Columns 1-8 of the table were included in the Honeywell DMC Services prioritization report.  The installation costs and the annual savings costs 
(Columns 9 and 10) were calculated in the present study.  Installation costs were based on unit prices of fixtures along with estimated labor costs 
Facility Type  Building Name 
Numbe
r of 
Toilets 
Numbe
r of 
Urinals 
Numbe
r of 
Faucets 
Number of 
Showerhead
s 
Total 
Retrofit 
Fixtures 
Installation 
Cost ($)  
Annual Water 
Savings (gal) 
Annual 
Cost  
Savings ($) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
Athletic Les Murakami Stadium 53 1 48 26 128 $24,225 997379 $14,881 
Athletic Physical Education & Health Complex 38 23 41 4 106 $26,615 869486 $12,973 
Athletic Stan Sheriff Center 0 0 82 23 105 $10,860 1055918 $15,754 
Athletic Duke Kahanamoku Pool 29 5 6 0 40 $11,825 245106 $3,657 
Athletic Locker & Shower Building, High School 5 2 4 2 13 $3,020 104531 $1,560 
Athletic Restroom Facilities - Cooke Field 4 1 2 0 7 $1,895 48861 $729 
Athletic Otto Klum Gymnasium 10 0 0 0 10 $3,100 45390 $677 
Athletic Restroom Facilities - Softball Field 4 0 4 0 8 $1,680 58206 $868 
SUBTOTAL   143 32 187 55 417 $83,220 3424876 $51,099 
                Payback Period (yr)= 1.63 
                    
Food 
Svc/Multi Campus Center 43 0 28 2 73 $16,570 840383 $12,539 
Food 
Svc/Multi Hale Aloha - Kitchen & Dining Room 3 1 2 0 6 $1,585 68352 $1,020 
Food 
Svc/Multi Paradise Palms Café 0 2 0 0 2 $870 21360 $319 
SUBTOTAL   46 3 30 2 81 $19,025 930095 $13,877 
                Payback Period (yr)= 1.37 
                    
Housing Hale Manoa 98 0 144 49 291 $50,140 1771348 $26,429 
Housing Hale Noelani A 39 0 78 39 156 $23,790 951259 $14,193 
Housing Hale Noelani B 33 0 68 35 136 $20,510 829809 $12,381 
Housing Lincoln Hall 96 0 96 93 285 $47,760 2025116 $30,215 
Housing Hale Wainani F, Pikake Tower 69 1 67 65 202 $34,395 1442811 $21,527 
Housing Hale Wainani I, Maile Tower 64 1 62 60 187 $31,895 1335860 $19,931 
Housing Hale Noelani C 34 1 64 33 132 $20,655 818531 $12,212 
Housing Hale Noelani E 29 0 58 29 116 $17,690 707346 $10,554 
Housing Hale Aloha: Lehua Tower 43 0 40 40 123 $20,930 882432 $13,166 
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Housing Hale Aloha: Lokelani Tower 43 0 40 40 123 $20,930 882432 $13,166 
Housing Hale Noelani D 19 0 40 21 80 $11,970 488331 $7,286 
Housing Hale Wainani H, Aloalo 30 0 35 35 100 $15,950 703950 $10,503 
Housing Hale Wainani G, Aloalo 32 0 37 37 106 $16,950 746730 $11,141 
Housing Gateway House 58 0 5 0 63 $18,530 533606 $7,961 
Housing Johnson Hall B 19 0 6 24 49 $8,470 414639 $6,186 
Housing Johnson Hall A 17 0 0 20 37 $6,870 340959 $5,087 
Housing Hale Anuenue 10 6 18 0 34 $7,690 207513 $3,096 
Housing Hale Alohe: Ilima Tower 11 0 2 46 59 $7,310 538954 $8,041 
Housing Hale Aloha: Mokihana Tower 11 0 2 46 59 $7,310 538954 $8,041 
Housing Hale Laulima 3 0 29 0 32 $4,120 113855 $1,699 
Housing Hale Kahawai 3 0 29 1 33 $4,200 123302 $1,840 
Housing Hale Kuahine 3 0 29 1 33 $4,200 123302 $1,840 
SUBTOTAL   764 9 949 714 2436 $402,265 16521040 $246,494 
                Payback Period (yr)= 1.63 
                    
Class/Office Moore Hall 90 27 0 0 117 $39,645 696870 $10,397 
Class/Office Hamilton Library 56 10 20 0 86 $23,910 561234 $8,374 
Class/Office Saunders Hall 42 21 19 0 82 $24,245 605156 $9,029 
Class/Office Kuykendall Hall 56 23 10 0 89 $28,465 599949 $8,951 
Class/Office Art Building 69 0 8 0 77 $22,270 393291 $5,868 
Class/Office Jefferson Hall 20 5 18 0 43 $10,355 324405 $4,840 
Class/Office Bilger Hall 18 4 24 0 46 $9,960 364722 $5,442 
Class/Office Skamaki Hall 20 8 8 0 36 $10,560 256320 $3,824 
Class/Office Watanabe Hall 28 8 16 0 52 $13,920 372732 $5,561 
Class/Office Marine Sciences Building 26 13 12 2 53 $15,195 397430 $5,930 
Class/Office St. John Plant Science Lab #1 64 0 1 0 65 $19,950 300509 $4,484 
Class/Office Gilmore Hall 12 0 13 0 25 $5,150 184631 $2,755 
Class/Office Manoa Innovation Center 24 0 24 0 48 $10,080 349236 $5,211 
Class/Office Holmes Hall 27 18 1 2 48 $16,470 345231 $5,151 
Class/Office Queen Liliuokalani Center for Students 45 0 0 0 45 $13,950 204255 $3,047 
Class/Office John A Burns Hall 30 6 12 0 48 $13,230 320400 $4,780 
Class/Office POST 0 0 60 0 60 $6,600 600750 $8,963 
Class/Office Sinclair Library 27 6 8 0 41 $11,860 266733 $3,980 
Class/Office Edmundson Hall 22 0 8 0 30 $7,700 179958 $2,685 
Class/Office Kennedy Theatre 11 3 11 8 33 $6,565 273809 $4,085 
Class/Office Keller Hall 13 0 10 0 23 $5,130 159132 $2,374 
Class/Office Biomedical Science Building 1 (Tower) 19 0 16 1 36 $7,730 256654 $3,829 
Class/Office George Hall 24 0 4 0 28 $7,880 148986 $2,223 
Class/Office Music Building Complex 24 6 0 0 30 $10,050 173016 $2,581 
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Class/Office Hawaii Institute of Geophysics 16 8 4 0 28 $8,880 198114 $2,956 
Class/Office Law School Classrooms/Offices 25 0 0 0 25 $7,750 113475 $1,693 
Class/Office Webster Hall 0 0 32 0 32 $3,520 320400 $4,780 
Class/Office University Elementary School 19 4 0 0 23 $7,630 128961 $1,924 
Class/Office Bilger Addition 14 0 3 0 17 $4,670 93584 $1,396 
Class/Office Wist Hall 18 0 0 0 18 $5,580 81702 $1,219 
Class/Office University High School #3 18 0 0 0 18 $5,580 81702 $1,219 
Class/Office Speech Path/Audio Office 10 3 3 0 16 $4,735 107468 $1,603 
Class/Office Henke Hall 4 0 2 0 6 $1,460 38181 $570 
Class/Office Auxiliary Services 6 0 3 0 9 $2,190 57272 $854 
Class/Office Hawaiian Studies Center 11 5 0 0 16 $5,585 103329 $1,542 
Class/Office Physical Science Building 10 0 3 0 13 $3,430 75428 $1,125 
Class/Office Gartley Hall 14 0 1 0 15 $4,450 73559 $1,097 
Class/Office Krauss Hall 5 1 4 0 10 $2,425 73425 $1,096 
Class/Office Maintenance Garage & Storage 2 2 2 6 12 $2,190 111740 $1,667 
Class/Office Architectural Building 14 0 0 0 14 $4,340 63546 $948 
Class/Office Newman Center 4 1 4 0 9 $2,115 68886 $1,028 
Class/Office Astronomy, Administration 10 0 3 0 13 $3,430 75428 $1,125 
Class/Office Castle Memorial Hall 9 0 2 0 11 $3,010 60876 $908 
Class/Office Population Genetics #3 2 0 3 0 5 $950 39116 $584 
Class/Office Astronomy, Laboratory & Offices 10 0 2 0 12 $3,320 65415 $976 
Class/Office Snyder Hall 10 3 0 0 13 $4,405 77430 $1,155 
Class/Office Business Administration Building 5 (E) 12 0 0 0 12 $3,720 54468 $813 
Class/Office Willis Pope Environmental Lab 4 0 2 2 8 $1,620 58607 $874 
Class/Office Center for Korean studies 0 0 6 0 6 $660 60075 $896 
Class/Office ETV Production Building 6 2 2 1 11 $3,030 78832 $1,176 
Class/Office Bachman Hall 7 5 0 0 12 $4,345 85173 $1,271 
Class/Office Hemenway Hall 9 0 2 0 11 $3,010 60876 $908 
Class/Office PPMO/DISB/ACCT/LOAN 4 3 1 0 8 $2,655 60209 $898 
Class/Office Wist Annex 2 (aka Wist Addition) 7 2 2 0 11 $3,260 73158 $1,092 
Class/Office Miller Hall 9 0 1 0 10 $2,900 50864 $759 
Class/Office Krauss Hall PRI Bldg #2 0 1 4 0 5 $875 50730 $757 
Class/Office ROTC - Army 4 3 2 0 9 $2,765 70221 $1,048 
Class/Office Building #77A 6 2 2 0 10 $2,950 68619 $1,024 
Class/Office Biomedical Science Building 3 (B wing) 4 0 7 0 11 $2,010 88244 $1,317 
Class/Office Maintenance Warehouse (Hale Ukana) 4 0 3 0 7 $1,570 48194 $719 
Class/Office Hawaii Hall 0 0 12 0 12 $1,320 120150 $1,793 
Class/Office Lincoln Annex #1 4 0 3 0 7 $1,570 48194 $719 
Class/Office Business Administration Building 3 (C) 8 0 0 0 8 $2,480 36312 $542 
Class/Office Agricultural Science Facilities 8 0 0 0 8 $2,480 36312 $542 
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Class/Office Agricultural Engineering Facility 2 0 0 2 4 $780 29504 $440 
Class/Office Administrative Services Building #1 5 2 1 0 8 $2,530 54068 $807 
Class/Office Lincoln Annex #2 6 0 2 0 8 $2,080 47259 $705 
Class/Office Maintenance Shop 1 1 1 3 6 $1,095 55870 $834 
Class/Office Dean Hall 7 0 0 0 7 $2,170 31773 $474 
Class/Office University High School #2 5 2 0 0 7 $2,420 44055 $657 
Class/Office Sherman Lab 0 4 4 0 8 $2,180 82770 $1,235 
Class/Office Environmental, Health & Safety Office 2 0 2 0 4 $840 29103 $434 
Class/Office Spalding hall 4 0 1 0 5 $1,350 28169 $420 
Class/Office Transportation Services Building 1 0 1 0 2 $420 14552 $217 
Class/Office Bachman Annex 11 6 0 0 0 6 $1,860 27234 $406 
Class/Office High school Multipurpose Building 2 1 2 0 5 $1,275 39783 $594 
Class/Office St. John Plant Science Lab #3 4 2 0 0 6 $2,110 39516 $590 
Class/Office Pacific Biomedical Research Building 3 1 2 0 6 $1,585 44322 $661 
Class/Office University Health Services 3 1 2 0 6 $1,585 44322 $661 
Class/Office Krauss Hall PRI Bldg #1 0 0 1 0 1 $110 10013 $149 
Class/Office Law School Library 5 0 0 0 5 $1,550 22695 $339 
Class/Office Bachman Annex 13 4 1 0 0 5 $1,675 28836 $430 
Class/Office Building #77B 0 0 2 0 2 $220 20025 $299 
Class/Office 
Computer Information Building 
(Cashier's) 2 0 3 0 5 $950 39116 $584 
Class/Office Fiscal Services 4 0 0 0 4 $1,240 18156 $271 
Class/Office Inventory 4 0 0 0 4 $1,240 18156 $271 
Class/Office Lower Campus 3 4 0 0 0 4 $1,240 18156 $271 
Class/Office Cottage 2 (Credit Union) 1 0 1 0 2 $420 14552 $217 
Class/Office Makai Campus 15 3 1 0 0 4 $1,365 24297 $363 
Class/Office University High School #1 3 0 1 0 4 $1,040 23630 $353 
Class/Office Henke Annex #3, Poultry Science 1 0 1 0 2 $420 14552 $217 
Class/Office Dole St. Offices (CC Chancellor) 1 0 2 0 3 $530 24564 $366 
Class/Office Business Administration Building 1 (A) 3 0 0 0 3 $930 13617 $203 
Class/Office Astronomy, Machine Shop 1 0 1 0 2 $420 14552 $217 
Class/Office Castle Memorial Annex 2 0 0 0 2 $620 9078 $135 
Class/Office Music Bldg #1, Office & Classrooms 2 0 0 0 2 $620 9078 $135 
Class/Office Food Processing Lab 2 0 0 2 4 $780 29504 $440 
Class/Office Orvies Music Auditorium 2 0 0 0 2 $620 9078 $135 
Class/Office Physical Plant Building 2 0 0 0 2 $620 9078 $135 
Class/Office Ground Maintenance Service 1 1 0 0 2 $745 15219 $227 
Class/Office Motor Pool - Auto Maint/Storage 1 0 0 1 2 $390 14752 $220 
Class/Office Krauss Hall Publication AES, Relocatable 0 0 1 0 1 $110 10013 $149 
Class/Office Lower Campus 2 0 0 2 0 2 $220 20025 $299 
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Class/Office Maile Way Building #2 1 0 0 0 1 $310 4539 $68 
Class/Office Duplication Bldg (Engineering Quad) 1 0 0 0 1 $310 4539 $68 
Class/Office Ka Leo Bldg (engineering Quad) 1 0 0 0 1 $310 4539 $68 
Class/Office Makai Campus 1 0 1 0 0 1 $435 10680 $159 
Class/Office Administrative Services Building #2 0 0 1 0 1 $110 10013 $149 
Class/Office Biogenesis Lab 0 0 1 0 1 $110 10013 $149 
Class/Office 
Bachman Annex #6 (University 
Relations) 0 0 0 0 0 $0 0 $0 
Class/Office Wist Hall Annex 0 0 0 0 0 $0 0 $0 
Class/Office Crawford Hall 0 0 0 0 0 $0 0 $0 
Class/Office Drama Building, Makai Campus 0 0 0 0 0 $0 0 $0 
Class/Office Hamilton Library Annex 0 0 0 0 0 $0 0 $0 
Class/Office Environmental, Health & Safety Office 0 0 0 1 1 $80 10213 $152 
SUBTOTAL   1196 221 458 31 1906 $519,755 12691244 $189,353 
                Payback Period (yr)= 2.74 
          
     
Totals: 4840 $1,024,265 33567254 $500,823 
     
With 20% Contingencies $1,229,118 
  
          
          
       
Total Payback 
Period (yr)   2.5 
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